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We report the complete genomic sequence of the Crocuta crocuta papillomavirus type 1 (CcrPVl), isolated from an oral papillo- 
matous lesion of a wild spotted hyena. This virus is the first papillomavirus found in a species belonging to the Hyaenidae family 
of carnivores, and it can be classified in the genus Lambdapapillomavirus. 
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Papillomaviruses (PVs) are a large family of small nonenvel- 
oped double-stranded DNA viruses that can cause benign and 
malignant proliferations of the stratified squamous epithelium of 
the skin and mucosa in a wide variety of vertebrate species. They 
are highly species specific, or at least restricted to infection of 
closely related animal species. The genus Lambdapapillomavirus 
exclusively contains PVs of carnivore hosts belonging to the Feli- 
dae (FdPVl, LrPVl, PcPVl, PlpPVl and UuPVl), Canidae (CPV1 
and CPV6) , and Procyonidae (P1PV1 ) ( 1 ) . Phylogenetic analysis of 
the PVs in this genus demonstrated that the evolutionary history 
of the feline PVs is closely linked to that of their feline hosts, 
providing an estimate of the papillomaviral evolutionary rate by 
applying host-fossil calibrations (2). We now report the sequence 
of a novel Lambdapapillomavirus: the Crocuta crocuta PV type 1 
(CcrPVl), the first PV of a species of the Hyaenidae family of the 
Feliformia suborder of carnivores. 

Biopsy material was obtained from an oral papilloma of a spot- 
ted hyena living in the Masai Mara Game Reserve (Kenya). The 
histological appearance of the biopsy material was suggestive of 
papillomaviral plaques. PCR and sequencing with the PV-specific 
degenerate primers FAP59/FAP64 and El F2/E 1 R4 on extracted DNA 
from this lesion resulted in partial sequences of the El and LI open 
reading frame (ORF) of a novel PV (3, 4). Primers for long template 
PCR were selected in these partial sequences, and overlapping long 
PCR fragments, together encompassing the complete viral genome, 
were generated with the Expand Long Template PCR system (Roche 
Diagnostics). Two fragments of approximately 3.5 and 6 kb were 
cloned (TOPO XL PCR cloning kit; Invitrogen) and the complete 
genomic sequence was determined using the EZ::TN <TET-1> in- 
sertion kit (Epicenter). Sequencing was performed on an ABI Prism 
3100 genetic analyzer (Applied Biosystems), and sequences were as- 
sembled in SeqManll (DNASTAR). 



The CcrPVl genome counts 8,344 bp. It contains five early 
ORFs (El, E2, E4, E6, and E7) and two late ORFs (LI and L2), all 
located on the same strand of its double-stranded genome. In 
addition to the classical noncoding region between the early and 
late region (NCR1 ) , an NCR2 is present between the end of E2 and 
the start of L2, which has been identified in all current members of 
the Lambdapapillomavirus genus (2, 4-7). Classification of PVs is 
based on sequence similarity in the LI gene, the most conserved 
genomic region (8). With an LI nucleotide sequence identity of 
70.7% to the closest related type, CPV6, CcrPVl is classified as a 
new type in the Lambdapapillomavirus genus. This is confirmed by 
the clustering in a maximum-likelihood phylogenetic tree of the 
LI sequences of CcrPVl and 82 other PV types (type species of all 
PV genera and all known PV types from carnivore hosts; data not 
shown). Thus, phylogenetic analysis as well as the presence of the 
typical NCR2 demonstrates that CcrPVl is evolutionarily related 
to the PVs of closely related host species within the Lambdapapil- 
lomavirus genus. 

Nucleotide sequence accession number. The genome se- 
quence of CcrPVl is available in GenBank under accession num- 
ber HQ585856. 
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